There are significant differences in age groups 2-5 and 6-10. The QRS voltages of the younger group demonstrate 1) greater Z anterior, 2) greater initial X right, 3) greater terminal X right, 4) smaller Y inferior, and 5) the T vector is oriented more posteriorly.
There are significant differences between the two lead systems. 1) STANDARD ELECTROCARDIOGRAPHY is known to be relatively inaccurate, yet it remains the system of choice for recording the summation of electrical potentials on the surface of the human. The distortion between the myocardial cell and the surface is considerable for many reasons; and this is so with any surface technique.' However, there is much theoretical and practical evidence that orthogonal "dipolar" electrocardiography is less distorted and can better reflect cardiac events than does standard electrocardiography.2'-0 Therefore, it is necessary to continue to collect a detailed normal data base from various age groups utilizing the best available practical lead systems. The Frank'1 and McFee-Parungaol" orthogonal electrocardiographic lead systems, on both theoretical and practical bases, appear to have the best chance of becoming standard. Only limited data are available for adults'3"19 and children. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] We have published a very detailed quantification of both the Frank and McFee-Parungao orthogonal electrocardiographic systems from age two to 19 years. 36 That study Frank spatial voltages are 70% of those of McFee. 2) Frank X left is 70% of McFee, but terminal X right is 75% and initial X right is 60% of McFee. 3) Frank Y inferior is 78% of McFee, but initial Y superior is 83% and terminal Y superior 61% of McFee. 4) Frank Z anterior is 64% and Frank Z posterior is 70% of McFee. 5) In terms of ratios the Frank is relatively less inferior, about equally posterior and more terminally right. 6) The T vector is more posterior in Frank than McFee. included only 105 children, but it provided a model for complete linear, circular and spherical quantitation and statistical analysis of electrocardiographic data. More recently published was an analysis of 166 adolescents between the ages of 11 and 19 years, which included 57 subjects from the previous report. 37 The present study is of 175 children, ages two to ten years, including 48 of the original 105.
Material and Methods
We studied 175 normal children with an approximately equal number of blacks and whites.
The Frank and McFee vectorcardiograms were obtained using methods previously described with the subjects in the supine position. The Hart PV3 vectorcardiograph was used for the first 48 children with the vector trace interrupted every 0.002 sec. A specially constructed Electronics for Medicine (E for M) vectorcardiograph was utilized for the next 127 subjects. Simultaneous X,Y,Z scalars could be taken alone or with any two loops (horizontal, sagittal, frontal). With the E for M machine, the vector trace was interrupted both every 0.002 sec for double loops and 0.001 sec for single loops. The T wave was analyzed only for the maximal planar and spatial vectors. The P wave was not measured. The data were analyzed with the aid of an IBM 1620, Mod 2 Computer in a manner described previously. The linear measurements were reported in terms of mean and standard deviations, but because of inherent skewing in all electrocardiographic data, percentiles were also calculated. These were the 5th (Po5), 10th (PiO), 50th (P50), 90th (P,O) and 95th (P95), to which have been added the 21/2th (P.2,5) and 97½/2th (P,7,.). In general, it is recommended that an abnormally low or high voltage be diagnosed when it is below the Po, or above the P,5 value, though some may prefer the Po2.5 or Pg7.5 values. The standard linear statistical methodology cannot be used. The methodology is as previously described.38 There were no differences in the durations anterior or terminal right in Frank versus McFee. This is in contradistinction to the ratio of magnitudes anterior/posterior and terminal right/left, which are quite different. All durations are less than in the adolescent group aged 11-19 years. However, the ratio of duration terminal right/left is greater at age 2-10 years. The ratio of durations anterior/posterior is the same in each age group. though differently so in each projection. The average difference was most exaggerated in the initial X to the right The Y inferior was greater in the older group (6-10) than where McFee was 160% of Frank, and terminal Y superior in the younger group (2) (3) (4) (5) .
Results
where McFee was 170% of Frank. The difference was least The voltages of Y initial superior were higher than in the in the initial Y superior (121%) and terminal X right (133%). adolescents, but were not different along the Y axis otherwise. Presumably the latter is because the decreased Maximal Projections on the X Axis (tables 2F, 2M) conductance of the pubescent adolescent is not a factor in For both lead systems there was a greater initial X to the the superior-inferior direction.2 right and terminal X to the right in the younger age group Maximal Projections on the Z Axis (tables 4F, 4M) (2-5) than the older age group (6-10). All voltages were higher than in the adolescents. The Z anterior was greater in the younger children (2-5) Note that in each aspect of the X axis, the mean than in the older group (6-10). The precision D for these data is very high indicating very little dispersion, while the very high Chi square indicates that the data can be trusted. The above is true for all the circular and spherical angular data. In the adolescent group, the Frank system was oriented more posteriorly than the McFee. That was not the case in the age 2-10 year group. The T vector, however, is more anterior in the McFee system than the Frank at age 2-10 years. In both systems, the T vector is more anterior at age [11] [12] [13] [14] [15] [16] [17] [18] [19] (&' = 190) than at age 2-10 (&' = 353°). (Example is for Frank system.)
Angular Deviation of T from QRS (tables 7F and 7M)
A detailed description of the methodology has been published and examples were given in the analysis of the 40°. If QRS is 200 and T is 3400, then a is 3200.
The deviations of T from QRS were similar in Frank and McFee. However, in comparing the age 2-10 group with the 11-19, the QRS and T angles are closer together at the younger ages in sagittal and horizontal but not frontal. In the frontal plane, the T vector is oriented counterclockwise to the QRS. In the horizontal and sagittal planes, the deviation of T from QRS is counterclockwise to slightly clockwise in the age 2-5 group, and more clockwise in the age 6-10 group. In the adolescent, the T vector is even more clockwise reflecting the more anterior orientation of T with aging.
Maximal Spatial Vector to the Right (MSVR) (tables 8F and 8M) In the McFee system, the orientation is more to the right, similar to that in the adolescents. The magnitudes are much greater in the age 2-10 than in the [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] The explanation of the meaning and method of calculation of each spatial magnitude has been delineated in the paper depicting the quantification of the adolescent age group. 37 As expected, all magnitudes utilizing McFee are much greater than in the Frank. In addition, the magnitudes are much greater in both systems at age 2-10 than at age 11-19. Timed and Normalized Spatial Angles and Magnitudes (tables llF and lIM) Table 11 is a distillation from the large mass of data available from the authors. The percentiles have not been included nor the subdivisions of age 2-5 and 6-10 for both male and female. Unlike the 11-19 data previously published, the precision is quite high.
For children, the normalized data may turn out to be more useful than the timed data. In interpreting electrocardiographic data such as for hypertrophy, it has been shown to be very useful to know what is being depolarized and when. In comparing age groups, however, with varying QRS durations, it is not possible to compare what is being depolarized at a certain-time if the total QRS is .04 seconds in one child and .07 seconds in another child. The nor-malized vectors allow appropriate comparison.
In both the Frank and McFee systems, the largest magnitude is at .03 seconds, which is the .5 second normalized vector. Since the total QRS duration is a little over .06 seconds, the .03 second timed vector correlates with the .5 second normalized vector. In the teenage group, the maximal mean magnitude was at the .04 second timed vector, with the QRS duration more than .08 seconds and the maximal normalized vector magnitude also at .5 second. Male and female spatial magnitudes at each age range were not significantly different from each other.
The spatial orientations for both lead systems were similar with both becoming maximally posterior at .03 seconds (.5 normalized). Both were also maximally inferior at the same time. Tables 12F and M are the timed planar vectors; tables 13F and M are the normalized planar vectors. We have included only a small amount from the large mass of data available from the author. The total group is included, excluding the subdivision for age 2-5 and 6-10 for males and females. But the complete percentile distribution from the 2 /2to 971/2percentiles is included for both the angles and the magnitudes in each plane.
Note that the precision is very good for both the horizontal and sagittal planes in the timed data, but is good for the frontal plane at only .02 and .03 seconds, whereas for the normalized data the precision is best at .4 and .5 seconds.
The maximal magnitude for both lead systems in the horizontal plane is at .03 seconds, in the sagittal plane at .04 seconds, and in the frontal plane at .03 seconds. The need for utilization of maximal spatial rather than maximal planar magnitudes is evident.
Analysis of the timed angular and spherical data from tables 11 and 12 indicates that the vector in both systems begins to the right, anterior and superior, turns to the left between .01 and .02 seconds, turns inferior just after .01 second, turns posterior between .02 and .03 seconds, and then is directed terminally to the right between .04 and .05 seconds. Analysis of the normalized data from tables 11 and 13 indicates that the vector begins to the right, anterior and superior, turns to the left just after the 0.2 second vector, turns inferior at approximately the .2 second vector and turns posterior between the .4 and .5 second vector. The terminal vector to the right begins after the .6 second vector.
In comparison with the teenage data, the vector turned posterior sooner, at between .02 and .03 seconds, compared to between .03 and .04 seconds, but the normalized time (between .4 and .5 seconds) was the same. However, the time of the vector going terminally to the right is truly different, at just after the .6 second normalized vector, compared to between the .7 and .8 second normalized vector in the teenagers.
Percentile Caps (table 14) Tables 14F and M include only the radii of the percentile caps for the 90th and 95th percentiles. The cosines are available from the authors. Please see the published methodology for the significance of the data. 36 37 Comparison of Frank and McFee Systems Just as in the teenagers and as had been predicted by Brody and Arzbaecher,2 the McFee system voltages were higher than those in the Frank system and differently so in each projection. The following tabulation is clear for mean magnitudes. Frank As can be seen, the McFee system is differently greater than Frank in each projection. In terms of ratios, the Frank is relatively less inferior, about equally posterior and relatively more terminally to the right.
As concerns spatial orientations, in the adolescents the Frank system was oriented more posteriorly than was the McFee, whereas in the [2] [3] [4] [5] [6] [7] [8] [9] [10] year group that was not the case. At all age groups, however, from age two through age 19, the T vector is more anterior in the McFee than Frank system. Sampling Rates Required for Digital Recording of Intracellular and Extracellular Cardiac Potentials ROGER C. BARR, PH.D., AND MADISON S. SPACH, M.D. SUMMARY Electrocardiograms and cardiac electrograms now frequently are measured for both clinical and experimental purposes by direct digital sampling, with no recording of the signal in analog form. This study examined the question of what sampling rates were required to measure accurately the continuous waveforms from the digital samples. Body surface waveforms and intracellular and extracellular waveforms measured directly from cardiac tissues were ELECTROCARDIOGRAMS AND CARDIAC ELEC-TROGRAMS now frequently are recorded by immediately converting the potentials from analog to digital form, and retaining only the digital samples (no analog recording). evaluated. Cardiac measurements included waveforms from the atrium, ventricle, atrioventricular transmission system and individual Purkinje strands. Sampling rates as high as 15,000 samples/sec were required to record accurately extracellular waveforms of the ventricular conduction system. Decreasing sampling rates were required as the recording site shifted through the ventricle to the body surface, where sampling rates as high as 1500 samples/sec were necessary.
Despite the increased use of this form of recording, an essential question remains unanswered: What minimum sampling rates are required to retain all of the information in the original waveforms? In this study we directly examined the effect of different sampling rates by repeatedly reconstructing the same cardiac waveforms from different sets of samples resulting from different sampling rates. Since waveforms now are recorded digitally from the atrium, ventricle, atrioventricular (A-V) transmission system, and individual Purkinje strands, numerous cardiac electrical waveforms CIRCULATION
